Introduction
The percentage of mothers over 40 years old has been increasing rapidly, peaking in 2011 at 3.6%. The recent tendency in Japan to marry later is a likely factor in this increase, but so is the widespread use of fertility treatment, including assisted reproductive technology (ART). According to the Japanese ART statistics presented by the Japan Society of Obstetrics and Gynecology (JSOG), the percentage of total ART live births itself increased from 0.2% in 1992 to 2.7% in 2010. The percentages of mothers of live birth neonates who were over 40 years of age in the general population and in the ART population were 2.6% and 10.1% in 2008 and 3.6% and 12.2% in 2010, respectively, a finding that supports the supposition of a recent tendency to marry later due to the availability of fertility treatment.
It is well established that the increasing maternal age has contributed to some adverse obstetric outcomes, [1] [2] [3] [4] [5] [6] [7] [8] including birth defects. 9, 10 The effect of older maternal age on obstetric outcomes may be pronounced in the ART population. Both lower and higher maternal age may pose increased risks for birth defects. [11] [12] [13] [14] [15] [16] [17] [18] For example, older mothers have a higher risk of chromosomal abnormalities, [19] [20] [21] [22] such as Down syndrome, [23] [24] [25] but whether they are at excess risk of nonchromosomal birth defects is less clear. 17 It is important to have accurate information on maternal age-specific risks of birth defects after ART to gauge the implications of this rise in maternal age for public health, to gauge clinical care needs, and to provide information to couples of childbearing age. 16 The purpose of the present epidemiologic prevalence study was to analyze birth defects after ART according to the maternal age class and to examine the excess risk of nonchromosomal birth defects among older mothers.
Materials and methods

Outline of Japanese birth defects data after ArT
The method for collecting data is described in detail elsewhere. [26] [27] [28] [29] Almost all medical institutions performing ART are registered with the JSOG. The JSOG administers questionnaire surveys for these medical institutions. Some of the survey data are presented in simple annual reports of aggregate, not individual, data.
From 2004 to 2010 (the latest), the individual list of all ART pregnancies resulting in birth defects was presented in the annual reports. The presented items are shown in Table 1 . The mean response rate throughout the 7 years was 99.0% (4233/4274), meaning that a nearly complete database reflecting the current situation of ART and birth defects in Japan could be constructed. The methods of fertility treatment were divided into in vitro fertilization, microinsemination, frozen embryo transfer and others (duplicative methods), and do not include simple ovulation stimulation/enhancement. All methods of submit your manuscript | www.dovepress.com
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Ooki Table 1 Demographic and perinatal outcome data of ArT pregnancies with birth defect 24 (n = 5) were excluded. Thus, 1938 fetuses/neonates from 1917 mothers were analyzed. The numbers of pregnancies and live births according to maternal age class were estimated using the age distributions (percentage of each maternal age class) from the 2008 and 2010 data (the only published data). Regression lines for the percentage of each maternal age class were calculated using data from both years, and applied to other years.
Statistical analyses
First, demographic and perinatal outcome data were analyzed according to the maternal age class. Then, the percentages of multiple birth defects were analyzed. Multiple birth defects are defined as two or more unrelated major structural malformations that cannot be explained by an underlying syndrome or sequence. 30 Multiple birth defects were analyzed using European Surveillance of Congenital Anomalies (EUROCAT) algorithms, 30 that was based on the ICD-10 codes. This algorithm gives explicit coding rules for classification and picks out a small subset of cases of potential multiple birth defects. The etiologic classification was translated into an algorithm that imposes a hierarchical classification according to the ICD codes given for each case. 30 All cases are classified into the following four main categories: chromosomal case, syndromes, isolated single anomalies, and potential multiple birth defects.
For the comparison between maternal age class and qualitative variables, such as method of treatment, sex of fetuses/neonates, perinatal outcome, and multiple birth defects, the χ 2 test was performed. The significance level was set at 0.05.
Next, the crude prevalence of birth defects per 10,000 pregnancies (number of mothers) and 10,000 live births by disease classification were calculated according to maternal age class. Abortion/stillbirths and plurality were not directly considered in the present study, since these data for the total ART population were not available according to maternal age. In the analysis of birth defects per pregnancy, concordant multiple pairs (cases in which both twins have birth defects or at least two triplets have birth defects, n = 21 pairs) were treated as a whole (namely, 21 pregnancies with birth defects).
The relative risk (RR) and 95% confidence interval (CI) for the birth defect categories according to the ICD-10 were calculated with 30-34 years of maternal age as the reference group. The RR and 95% CI of any birth defects were calculated by including or excluding chromosomal abnormalities. All eleven major categories were analyzed regardless of the number of cases in each. Analyses were performed for birth defects subcategories containing five or more cases in the 40+ age group.
Statistical analysis was conducted using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA) and SAS for Windows version 9.2 (SAS Institute Inc, Cary, NC, USA).
Results
Demographic and perinatal outcome data of ART pregnancies with birth defects are summarized according to maternal age class in Table 1 . Sex of the fetuses/neonates differed marginally significantly among maternal age class (P = 0.046). Males were more frequent in the 25-29, 30-34, and 35-39 year age classes, while females were more frequent in the 40+ year age class.
The percentage of multiple birth defects is shown in Table 2 . The percentage of multiple birth defects gradually and linearly decreased with maternal age class. Isolated single anomalies decreased at ages greater than 35-39 years. The percentage of multiple birth defects was 14% (22/159) in the 25-29 year age class, and all 8% among the 30-34 (47/613), 35-39 (48/625), and 40+ (12/157) year age classes when chromosomal abnormalities were excluded. The difference between the numbers of multiple birth defects and isolated single anomalies according to maternal age class was not statistically significant.
The RRs of any birth defects per pregnancy and per live birth according to maternal age class are shown in Figure 1A of any birth defects per pregnancy, the prevalence of chromosomal abnormalities was constant in the 25-29 and 30-34 year age classes and increased rapidly thereafter, while nonchromosomal birth defects decreased linearly with advanced maternal age; thus the total prevalence across the maternal age distribution had a gradual U-shape. Regarding the prevalence of any birth defect per live birth, the prevalence of chromosomal abnormalities was constant in the 25-29 and 30-34 year maternal age classes and increased rapidly thereafter, while the prevalence of nonchromosomal birth defects was gradual and U-shaped; thus the total prevalence across the maternal age distribution was J-shaped.
The number, prevalence (per 10,000 pregnancies), RR, and 95% CI of birth defects in different organ systems are shown in Table 3 . The prevalence of chromosomal abnormalities became significantly higher with advanced maternal age (RR = 2.71, 95% CI 2.01-3.65 for [35] [36] [37] [38] [39] years and RR = 6.93, 95% CI 5.08-9.45 for 40+ years). In contrast, the prevalence of nonchromosomal birth defects became significantly lower with advanced maternal age (RR = 0.88, 95% CI 0.79-0.99 for 35-39 years and RR = 0.80, 95% CI 0.68-0.95 for 40+ years). The prevalence of congenital malformations of the nervous system became significantly lower with advanced maternal age (RR = 0.71, 95% CI 0.52-0.98 for 35-39 years and RR = 0.42, 95% CI 0.23-0.78 for 40+ years). The RR was also significant with regard to other congenital malformations of the digestive system in the 25-29 year age class (RR = 1.64, 95% CI 1.01-2.64).
The number, prevalence (per 10,000 live births), RR, and 95% CI of birth defects in different organ systems are shown in Table 4 . The prevalence of chromosomal abnormality became significantly higher with advanced maternal age (RR = 3.28, 95% CI 2.22-4.85 for 35-39 years and RR = 9.48, 95% CI 6.27-14.35 for 40+ years). The RR was submit your manuscript | www.dovepress.com
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Ooki also significant with regard to nonchromosomal birth defects in the 40+ year age group (RR = 1.20, 95% CI 1.01-1.43). The RR was significant with regard to congenital malformations of the circulatory system in the 40+ year age group (RR = 1.40, 95% CI 1.10-1.79). The RR of congenital malformations of the aortic and mitral valves was significant for both the 25-29 year and 40+ year age groups, giving a clear U-shaped prevalence curve. The RR of congenital absence, atresia, and stenosis of the small intestine was also significant for the 40+ year age class (RR = 4.10, 95% CI 1.44-11.69).
Discussion
Given the very limited information provided by the present data, the main purpose of this study was to describe the epidemiologic features of birth defects after ART and maternal age (ie, a descriptive epidemiologic study), not to analyze the possible causes or mechanisms of birth defects controlling for the confounding factors (ie, an analytical epidemiologic study).
Demographic and perinatal outcomes
No special feature of birth defects cases was observed regarding demographic and perinatal outcomes according to the maternal age class, except that female cases were more common in the 40+ year age class. This result does not necessarily mean that the prevalence of birth defects in females in the 40+ year age class was higher compared to other maternal age classes, since the total ART population according to maternal age class and sex was unclear.
Multiple birth defects
The percentage of multiple birth defects was slightly higher in 25-29 year old mothers, but the difference was not statistically significant. The reason for this result was unclear. The classification method of multiple birth defects was not necessarily constant across studies. 30 Moreover, the relationship between maternal age and multiple birth defects was not well established.
Maternal age-specific risk of nonchromosomal birth defects
The present percentage of total birth defects after ART may be lower overall compared with that found in other studies, as seen in many reviews. [31] [32] [33] One possible reason for this was that the cases in the present study were strictly restricted to only ICD-10 Q codes. Nevertheless, the main objective of this study was to evaluate the prevalence of birth defects in different maternal age groups and not to compare the birth defect prevalence across different populations. Therefore, the comparison of birth defects across different maternal age classes may be biased only if there is differential reporting according to maternal age class, which is not likely to occur.
There have been several population-based studies of the relationship between maternal age and total birth defects.
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Recently Loane et al 16 
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15 analyzed a total of 1,050,616 singleton infants born from 1968 through 2000. They found that all birth defects combined and all nonchromosomal birth defects showed increased odds ratios for young and advanced maternal age, with a more pronounced increase for the group that included chromosomal defects. Overall, the relationship between maternal age and the prevalence of birth defects per birth or per live birth was similar in many previous studies in that these studies showed U-curves or gradual J-curves for nonchromosomal birth defects and extreme J-curves for chromosomal abnormalities. [11] [12] [13] [14] [15] [16] [17] The present results also support previous findings that the effect of advanced maternal age, especially over 40, on nonchromosomal birth defects was not large compared to the effect on chromosomal abnormalities.
However, the maternal age with the lowest risks varied across studies, ie, 20-24 years, 13 25-29 years 12,15 and 35-39 years. 16 In the present study, the lowest RR for nonchromosomal birth defects per live birth was obtained in the 30-34 year group. One possible explanation for the present result is the essential difference in age-specific risks of nonchromosomal birth defects in infertile couples compared to the general population. However, according to Loane et al, 16 the pattern of maternal age-specific risk widely differs between countries with some exceptional patterns. For example, the RR of any nonchromosomal birth defects compared with mothers aged 25-29 years increased consistently with submit your manuscript | www.dovepress.com The values were different from those of chromosomal cases given in Table 2 , since some fetuses/neonates had two different chromosomal abnormalities. Abbreviations: RR, relative risk; CI, confidence interval; ART, assisted reproductive technology; n, number.
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advanced maternal age in Germany, while it decreased consistently in France. These results suggest that it is not biological age that is associated with the risk of nonchromosomal birth defects, but reproductive age, including parity and use of ART, social, ethnic exposure, and lifestyle factors that have different relationships with maternal age in different countries. 16 Differences in study design, case determination, and potential confounders may play a role in the discrepancies observed. 17 In the present study, the prevalence of nonchromosomal birth defects per pregnancy decreased linearly with maternal age class, while the prevalence of nonchromosomal birth defects per live birth showed a gradual U-shape. This difference could be explained by the fact that the percentage of abortions after ART in Japan rapidly increases in mothers aged over 35 years (data not shown). Most previous studies calculated the prevalence of birth defects per birth or live birth, since the total number of pregnancies in the general population is not always obtained. It is possible that different maternal age effects would be found if all incident cases during pregnancy could be considered, because of differential in utero survival effects. 16 On this point, ART statistics offer a unique opportunity to analyze the epidemiological indicators per pregnancy, since the total number of pregnancies is recorded.
Maternal age-specific risk of several birth defects
Several birth defects showed a significant effect of maternal age. Given the limited information on other potential risk factors in the present study, the precise reason for the maternal age effect was unclear. Further epidemiological study with a larger sample size and information on environmental and genetic factors is needed to clarify the direct and indirect maternal age effects on specific birth defects.
The effect of advanced maternal age was, as expected, largest regarding chromosomal abnormalities in total or specific birth defects, such as Down syndrome. This is a wellestablished finding in the general population. 22, 24, 25 Moreover, according to Chen et al, 34 this finding was also observed in the ART population.
Several studies found an effect of maternal age on the nervous system, 12,16 specifically on neural tube defects 8,35-37 such as spina bifida, 14, 17 anencephalus, 16 and encephalocele. 16 The risk of congenital malformations of the nervous system per pregnancy was significantly lower with advanced maternal age. This tendency was also observed per live birth, although it was not statistically significant. Petrova and Vaktskjold 36 reported an inverse association between maternal age and the prevalence of neural tube defects. This tendency would be partly explained by the lower folic acid status resulting from poorer nutrition or lower periconceptional folic acid supplementation rates. 16, 36 It was also pointed out that in Japan younger women did not recognize the importance of folic acid intake to prevent neural tube defects as strongly as older women, and they were apt to take less folic acid, regardless of the precautions taken by the Ministry of Health, Labor and Welfare of Japan. 38 The results of the National Health and Nutrition Examination Survey performed in 2010 39 also supported this tendency, namely by finding that folic acid intake is lowest in women aged 20-29 compared to other age classes. The risk of congenital malformations of the circulatory system per live birth significantly increased for mothers in the 40+ year age class. This result was in accordance with many other studies. [13] [14] [15] 37, [40] [41] [42] According to Gill et al, 17 increased risks for several cardiac defects, including ventricular septal defects, atrial septal defects, and Tetralogy of Fallot, were observed for mothers who were 40+ years of age. In the present study, a U-shaped maternal age effect on congenital malformations of the aortic and mitral valves was observed. The RR of congenital absence, atresia, and stenosis of the small intestine was also significant for mothers in the 40+ year age class. The reason for this result was unclear. Several studies reported an association between older maternal age and esophageal atresia. 16, 17 However, no relationship between maternal age and intestinal atresia/stenosis was observed. 17, 37 It is possible that certain risk factors may differ among countries and may contribute greatly to the susceptibility to certain birth defects.
Over-ascertainment bias for older mothers should be considered. The frequency of medical checks increases in older mothers, since they are a potential high-risk group. 13, 15, 17 Moreover, the effect of parity might be more important than maternal age for some birth defects, 13 since maternal age and parity are strongly correlated. The obstetric outcomes, such as prematurity, low birth weight, and Caesarean section of women aged 40 years or older have been found to be influenced by parity. 5, 43 Few studies have focused on the possibility that parity is an independent risk factor for birth defects. 44 
Limitations
This study has the following limitations, most of which could be attributed to the dataset, namely to the fact that individual information was obtained only from subjects with birth defects after ART (numerator of prevalence) and not for all of the ART population (denominator of prevalence). The estimation of the total ART population according to maternal age class may be biased if the percentage of mothers belonging to each maternal age class did not increase or decrease in a linear fashion. However, given the relatively small change in the percentage of all mothers contained in each maternal age class between 2008 and 2010, as well as given the low value of the numerator (number of fetuses/neonates with birth defects) and the large value of the denominator (total ART population), the influence seemed to be small.
The first and greatest limitation is that the author could not check the reliability of the data directly. This is an essential limitation of secondary data analyses. Second, although the present dataset was from a multiyear nationwide survey, it still did not have sufficiently high statistical power to detect the statistical significance of several birth defects with high RR, especially for the group with a maternal age over 40 years. On the other hand, some significant relationships between maternal age and RR could be produced by chance alone. Third, the author could not control for confounding factors that can affect ART and/or birth defects, 32, 45 such as multiple births, parity, smoking, socioeconomic status, medical history, and prenatal care. Fourth, follow-up after birth was limited to the neonatal period, and was incomplete. Therefore, some birth defects might not be detected, since they are not apparent within a few days after birth.
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Conclusion
The present results elucidate the current situation regarding birth defects after ART according to maternal age class. The risk of chromosomal abnormalities increased notably at a maternal age of 30 or more. Early detection of chromosomal abnormalities is essential when performing ART for advanced-age couples. On the other hand, the risk of nonchromosomal birth defects in ART live births is relatively small between maternal age groups. This information would be important to include in the counseling provided before ART is performed. Reassurance can be given to infertile couples of advanced age in that maternal age in itself does not produce noticeable extra risk for nonchromosomal birth defects.
